Abstract -The sperm whale (Physeter macrocephalus, Linnaeus 1758) possesses the largest brain that ever existed. Relatively few authors have dealt with it and the available descriptions are heterogeneous, with only few data about brain weight or gross anatomy. In fact the central nervous system of large cetaceans is quite difficult to obtain, given the huge body size and the low frequency of strandings of recently dead individuals. Furthermore, since the skull of the sperm whale underwent an extreme transformation for the accommodation of the spermaceti organ, the cranial cavity is surrounded by thick layers of bone and thus difficult to reach under field conditions.
InTRoDuCTIon
References on the morphology, size, and structure of the brain of the sperm whale (Physeter macrocephalus, Linnaeus 1758) are limited, possibly due to the several problems related to describing the internal organs of large marine animals and to the complications associated to tissue sampling under often critical field conditions. The sampling of the brain is very challenging for the imposing dimensions of the sperm whale head, for the size of the brain, and for its position at the lowest and caudalmost extremity of the skull. In fact removal of the organ requires skilled operators, adequate safety measures and suitable heavy-duty equipment. Kojima (1951) in his seminal paper on the subject described the sampling phases, and the difficulties of the whole process, performed on board a Japanese whaling vessel, as follows: "The brain was taken out from the huge cranium, using such tools as chisel, gimlet or hatchet, after the bone was cut by a bone-saw into a block properly shaped for extraction of the brain, or after sagittal sectioning of the cranium into halves, two separated parts of the brain gathered".
The data available in the literature and summarized in Tab. 1 indicate that the encephalon of the sperm whale drew some attention especially in the late '50s and early '70s. However only a few of the published articles report original values for the weight of the brain, while other investigations based their conclusions on earlier records. The interest in the central nervous system of this large toothed whale dwindled in the last decades and even relatively recent studies rely on the work of the early Authors. We also emphasize that most data are relative to the brain of male individuals, and the documentation relative to females is limited to two sexually mature specimens sampled by Berzin (1971) . The sperm whale is a common inhabitant of Mediterranean waters (Cagnolaro et al., 2014) . The three compartments called upon strandings of large marine mammals possess the instruments required to perform on-site necropsy on large marine animals, and are also equipped and trained to contain potential biological hazards and avoid personal risks for the operators. In December 2009 seven young male P. macrocephalus stranded along the sandy coast close to Peschici (FG) in the Southern Adriatic Sea. A complete necropsy, on three out of seven individuals, was performed on site by the joint team (for a detailed report of the event see Mazzariol et al., 2011) . Removal of the brains was attempted but resulted impossible to accomplish, because of the deep position of the organ, the absence of proper tools, and ultimately because of adverse field conditions. However, in September 2014 a school of seven sperm whales stranded close to Vasto (CH), approx. 150 km North of the former stranding site. Rescue by local fishing boats and redirection to open waters was attempted with success with four components of the school, but three whales died on the sandy shore. Necropsies were performed on the stranded animals, and the extraction of the brain was attempted with a novel approach based on former experience and use of proper sawing tools.
In the present article we describe the relatively simple and direct method employed to remove the brains of the stranded animals, and report a short preliminary description of their key macroscopic features including the weight and Encephalization Quotient (EQ).
MATERIALs AnD METhoDs

Animals
Brains were sampled from three mature female sperm whales P. macrocephalus, stranded in September 2014 near Vasto 4 . One animal stranded dead and the remaining two were in poor health conditions and died soon afterwards. The carcasses were then dragged to firmer sandy grounds with two excavators and the necropsy started approx. 20 hours after death. The basic biological data of the animals are reported in Tab. 2. Detailed post-mortem analyses are still in progress and a thorough report on the possible causes of death will be published later.
Extraction tools and methodology
To extract the brain we employed a motorized MS 460 (Stihl) professional chainsaw, with a blade length of 50 cm. Other instruments employed included standard tools for the necropsy of large domestic herbivores.
Since we propose here a new method to remove the brain of these large whales, the technique is described in the Results section.
Tissue fixation and weighing methods
One of the three brains, belonging to the animal stranded dead (ID # 337), was in advanced decomposition and therefore discarded. The two remaining brains were immersed in buffered 10% formaldehyde and sealed in separate containers. The mass of the brains was such that successful penetration of the fixative would have been too slow to obtain an acceptable preservation of the tissues. Therefore, each brain was separated into two halves and, upon arrival at the facility in Padova, moved to larger containers (approx. 75 l each) filled with fresh fixative, so that a larger volume of formaldehyde could apply a higher hydrostatic pressure and thus obtain a more efficient penetration. The containers were stored at 4 °C. After one month the brains were photographed. Weights of the wet half-brains were determined using a precision electronic scale. Possible variations due to formalin fixation were taken into account, following an established protocol .
The total body weight was estimated using the formula (W=0.0218L 2.74 , where W is body weight and L is total body length) by Lockyer (1976) , which takes into account an approx. 10% of loss of weight due to leakage of body fluids during dissection.
Encephalization Quotient
We calculated the EQ for the two animals using the classical formula (EQ=E i /0.12P 2/3 , where E i is brain weight and P is body weight) of Jerison (1973) .
REsuLTs
At the present time a definite cause of death has not been yet established for the stranded whales. Preliminary data gathered on site, based on macroscopic examination of the animal bodies showed no signs of trauma nor of cerebral damage. Further analyses are in progress and will be published later. Extraction of the brains After rapid removal of the skin, blubber, and neck muscle layers down to the dorsal edge of the spine, a winch was secured to the tip of the jaws of the sperm whales and atlanto-occipital dislocation was obtained applying increasing tension on the cable. Once the head was separated from the neck, soft tissues were removed from the occipital bone to achieve a clear view of the back of the skull. Using the chainsaw in a circular way, a cut was then made around the base of the occipital condyles (Fig. 1) , and the latters were forcefully detached with a lever. Removal of the condyles revealed the temporo-occipital lobes of the brain located almost vertically above the large cerebellum. The inner surface of the condyles is concave to adapt for the huge neocerebellar lobes, and therefore extra care was taken not to damage their lateral margins during incision of the bone. The brain was covered by the light-gray dura mater, that lacerated easily because of the torsion forces applied by the saw on the adjacent bone frame of the condyles. The brains were separated from the dura mater that kept the lower surface of the brainstem and cranial nerves attached to the basi-occipital bone using large forceps and scissors, and then manually removed from the osseous cavity. The whole procedure lasted approx. one hour.
Weight of the brain and notes on its surface anatomy
The general shape of the brain of the sperm whale is characterized by an evident lateral extension of the temporal lobes. The telencephalon is placed almost vertical over the cerebellum in a quite unique position. The rotation along the transverse inter-insular axis is very pronounced, placing the Sylvian cleft in an almost vertical position (Fig. 2 ). The outer surface shows an intense pattern of gyri, separated by moderately deep sulci in which relatively large pial vessels are well evident.
The weights of the brains are reported in Tab. 3. In Tab. 3 we reported also a possible correction of the brain weight due to immersion in formaldehyde, according to Cozzi et al. (2014) . However the brain has been immersed in the fixation fluid only for four weeks, and in such a short period the increase in weight is minimal, if present at all.
Encephalization Quotient
The EQs of the two sperm whales, obtained applying Jerison's formula (Jerison, 1973) are reported in Tab. 3.
The same values are reported in Tab. 4 for comparison with other representative mammals, including some cetaceans. Fig. 3 represents a logarithmic plot of body weight against brain weight for the same species listed in Tab. 4, with the corresponding references. POVINELLI M., PANIN M., MAZZARIOL S., GIURISATO M., BALLARIN C., RONCON G., PODESTà M., DEMMA M., COZZI B.
N o n -c o m m e r c i a l u s e o n l y
DIsCussIon Data on the weight of the sperm whale brain are relatively scarce, as reported in Tab. 1. In fact the two main sources of information are the papers by Kojima (1951) and Berzin (1971) , both describing biological materials obtained during whaling campaigns. Handling of the large body of an adult sperm whale may require adequate machineries, and a number of safety precautions that are not easy to apply directly on stranding sites.
A key factor was the previous experience gained during a former mass stranding occasion in 2009 (Mazzariol et al., 2011) when removal of the brain was attempted with a traditional approach and an horizontal cut, but failed because of the thickness of the brain case and the very deep position of the brain. The former unproductive experience suggested an alternative approach to the brain case. The vertical approach, described in the present article, included a circular cut applied perpendicularly to the base of the occipital condyles after detachment of the head from the thorax, and allowed us to collect two large brains of this species. With the technique that we propose here, removal of the brain may be attempted whenever the necessary equipment is available, safety conditions warrant it, and the operators possess the required skills.
The very large brain of the sperm whale has external features that resemble those of the African bush elephant (Loxodonta africana (Blumenbach, 1797)) (for recent literature and debate on the elephant brain Table 4 . ID 335 and ID 338 represent the values of our two sperm whales (encircled by the red line) to distinguish them from published value for the same species.
Tab. 4 -Brain weight (g), body weight (kg) and EQ of selected mammalian species. -Houzel et al., 2014 ; for analysis of older gray literature see Cozzi et al., 2001) for the lateral development of the temporal lobes and the general outline of the telencephalon, but the reciprocal position of the telencephalon and cerebellum of Physeter macrocephalus is quite unique. Comparisons with the brain of a fin whale (Balaenoptera physalus (Linnaeus, 1758)) of corresponding length, also maintained at the MMMTB (data not shown), indicate that the brain of P. macrocephalus is indeed heavier and larger, a fact often reported in the literature (for a general review see Marino, 2002) . The weights that we report here agree with the values described in the series of Kojima (1951) and Berzin (1971) . We emphasize here that the large majority of weight values in the literature are referred to male sperm whales, and data from adult females are limited to two specimens included in the Berzin (1971) series. This is probably due to the fact that in this species mature males are bigger than females, and therefore potentially more commonly harvested by whaling fleets. An alternate explanation is that, given the choice to perform the complex operation of brain extraction on a number of specimens limited by practical circumstances on-board, the operator prefers the largest specimens that may yield the highest brain weights. Moreover, the allometric equations available in the literature to calculate body weight from total length are based on specimens longer than 10 m (Rice, 1989) , and therefore probably unfit for a proper estimate in case of smaller female individuals as is our case. Females attain a shorter maximum length than males and undergo a different pattern of body growth (Rice, 1989 ), so we think that a different equation should be obtained in future studies. The EQs of two sperm whales described here is surprisingly high, considering what reported in terrestrial mammals (Fig. 4) (for a recent discussion on the application of the formula to the brain of large species and EQ data see Cozzi et al., 2014 ; for a thorough discussion of mammalian brains larger than 700 g see Manger et al., 2013) . Previous reports identified lower EQ values in large whales, including sperm whales. However we stress here that male Physeter macrocephalus have slightly larger brains, but much heavier bodies than females. Therefore, since most brain weights reported in the literature are referred to male specimens, the resulting EQs are much lower. A thorough discussion of the importance of the remarkable EQs of our two female sperm whales is outside the scope of this preliminary note. Here we note that EQ values equal or above 1 identify species whose encephalon is considerably well developed and presumably reflect an overall evolutionary advanced environmental or social adaptation. The data that we obtained for our two sperm whales are comparable or above to what described for the African bush elephant, and on the same level of several primates (except man) .
Our observations on the external morphology of the brain confirm what reported in the detailed and thorough paper by Kojima (1951) . However, to the best of our knowledge, Fig. 2 represents the first published photograph of an adult sperm whale brain. We are aware that modern printing techniques and the currently reduced costs of on-line publication may facilitate the inclusion of photographs into scientific articles, a condition that did not apply to all the publications of the second half of the XX century. Nevertheless our experience suggests also that the fixation procedures required by such a large brain may severely hamper the final outcome of the whole preservation process and suggest the use of drawings opposed to photographs. The mass of the tissue is such that there are not many readily available containers that may accommodate it, including also an adequate volume of fixative that guarantees a relatively fast penetration into the tissues. Furthermore, the whole brain is so heavy that tends to collapse upon itself and to damage or at least distort the parts that lay underneath. To improve the fixation process, we decided to separate the brain into two halves, thus reducing the whole quantity of aldehydes inside each container, and curtailing potential structural damages since the callosal side may lay flat on the bottom of the container. This allowed us to obtain a series of acceptable images of the brain.
The possibility to achieve a sufficient condition of preservation is a key feature for the scientific exploitation of this precious material. Up to now the only study dedicated to the structure of the sperm whale brain (Oelschläger & Kemp, 1998) concerns fetal specimens, whose brain is of inferior volume. We are presently evaluating the quality of our material for possible future studies.
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